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A £irst aspect of the invention may be said to reside in a 
time of flight analysis device, including: 

means for producing an ionised sasiple for 

5 analysis; 

a time of flight cavity; 

meems for receiving the ionised sai^ple and for 
directing the ionised sample into the time of flight 
cavity; 

10 a detector for detecting the ionised san^le after 

travel through the time of flight cavity; 

an analysis means coupled to the detector for 
receiving an output from the detector, said analysis means 
including; 

1^ (a) time to digital conversion circuit means for 

receiving the output; and 

(b) an integrating transient recorder circuit 
means coupled in parallel with the time to digital 
conversion circuit means, also for receiving the output 

20 from the detector. 



By coupling both a time to digital conversion circuit and 
integrating transient recorder circuit to the detector the 
dynamic range of the device is greatly improved. The time 

25 to digital conversion circuit meems can determine results 
for very small concentrations of sample in which very few 
ions of the desired species may be present in the ion flow, 
and the integrating transient recorder circuit means 
analysing much higher abundant species which may be present 

30 to thereby give the increased dynamic range of the device. 

Time to Digital Conversion (TDC) uses a system of accurate 
timers to accurately record the actual arrival time of each 
pulse induced by arrival of individual ions at the 
35 detector. By summing many consecutive spectra a picture of 
the relative quantities and mass of the constituents is 
built up. While very fast and accurate, a key limitation 
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of this approach derives from the fact that the system 
detects ion pulses as logical events (ie. ion present or 
ion not present) . If then two or more ions arrive within 
one time bin, or if the pulse produced by the detector is 
5 induced by arrival of a short multi ion packet , count from 
only one event is recorded and the other ions are lost. 
State of the art multiple stop time analysers for TOF MS 
have now days excellent timing resolution (fractions of nS) 
and dynamic range, but still suffer from high dead time 
10 {>50 nS) . The dynamic range of such a system depends only 
on the upper counting limit of the counters used7 providing 
the threshold of the discriminator usually installed 
between analogue and digitising parts eliminates all the 
ajialogue noise sources (like preamplifier noise etc.) At a 
15 rate of 10-50 kHz (typical repetition frequency of single 
scan in TOF MS), having <0.5 ions per peak per scan, the 
dynamic range of 1 e6, achievable in quadruple ICPMS within 
1 min of acquisition, would require 7-33 min of 
acquisition, making "TDC only" technique not very 
20 practical. In the Integrating Transient Recorder (ITR) a 
transient signal of a single waveform from a repetitive 
bunch is digitised by a very high speed ADC (typically at 
less than 5 ns sampling rate), and then data representing 
the magnitude of signal waveform at each sampling point is 
25 temporarily stored in some buffer memory for further 
summation with the set of data representing the next 
waveform. After predetermined number of summations 
integrated data are outputed in the form of magnitude -time 
array. ITR based techniques always employ some data 
30 reduction via summation before storage, as real time 

spectra acquired at very high repetition frequency of 10-50 
kHz can not be stored individually on line. Moreover, ion 
detectors usually have very high standard deviations on the 
gain resulting in single ion pulse height distribution with 
35 up to 100% RSDs, so ITR can not be used for quantitative 
analysis when less than a 100 integrated ion pulses 
represent mass peak. As a result of that and due to 
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lixaited noise figures of analog signal processing means, 
the dynamic rauige of the technique is limited to about le4 
value. Thus incorporating both a multistop TDC and a 
Integrating Transient Recorder in parallel, allowing 
5 acquisition and processing of TOP mass spectra where any 
mass peak can contain le-5 to le3 ions, said limits are 
given as an example only are defined by ion extraction 
pulse repetition frequency (100 kHz) and linearity range of 
ion detector. 

10 

Preferably the analysis means also includes a logarithmic 
preamplifier for extending the dynamic range of the 
integrating transient recorder circuit means and pulse 
stretching after a discriminator to increase the 
15 effectiveness of the time to digital conversion circuit 
means* 

The second aspect of the invention relates to protection 
and extension of the lifetime of detectors used in time of 
20 flight analysis devices. Modem ion detectors suffer frraa 
low dynamic range, being unable to withstand high input 
currents which may destroy the detector or significantly 
reduce its lifetime. Discrete dynode electro multipliers 
have been demonstrated to have higher range of acceptable 
25 incoming ion current at which the gain is not declining, in 
comparison to continuous dynode detectors. However, at 
extremely high count rates even discrete dynode detectors 
age quickly. This results in two problems. The overall 
lifetime of detectors becomes unpractically short and 
30 maintenance of a consteait gain as the detector wears out 
requires a chauige in the voltage applied across the 
dynodes. The chemge in voltage is conventionally done by 
either changing detector entrance DC potential with the 
anode kept at virtual ground or by applying a DC potential 
35 to the anode, which is capacitively decoupled with a 

preamplifier or the last dynode. Changing the ion detector 
entrance potentials in time of flight mass spectrometers 
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necessarily implies changing liner voltage. This means the 
average ion energy changes which means the mass scale has 
to be recalibrated for every value of detector voltage. 
Supplying DC potentials to the anode or the last dynode 
5 means capacitively coupling DC high voltage supply to the 
input of a preamplifier so that the AC ripple of the supply 
affects noise of the detection system. 

A second aspect of the invention may be said to reside in a 
10 detector for a time of flight mass spectrometer, including: 
an ion sensitive surface for receiving ~a flow of 

ions; 

a plurality of discrete dynodes arranged in 
series for receiving a secondary emission from the ion 

15 sensitive surface when ions impact on the ion sensitive 
surface, the secondary emission being amplified by the 
discrete dynodes; and 

means for varying the voltage between the ion 
sensitive surface and an adjacent dynode or between any 

20 pair of adjacent dynodes in this series of discrete dynodes 
so that a voltage between the ion sensitive surface and a 
last of the dynodes in this series of dynodes can be 
maintained substantially constant and the gain of the 
detector is varied by varying the voltage between the ion 

25 sensitive surface and the adjacent dynode or between said 
any pair of adjacent dynodes by the means for varying the 
voltage • 

Thus, as the detector wears through the lifetime of the 
30 detector it is not necessary to alter the voltage across 
the detector and the voltage can be kept at a constant 
voltage, such as a maximum constant voltage, thereby 
eliminating the need to recalibrate the mass scale which 
would otherwise be necessary should the voltage have been 
35 changed. In order to change the gain as the detector wears 
the means for varying the voltage need only be adjusted to 
change the voltage between the ion sensitive surface and 
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the adjacent dynode or between the pair of adjacent dynodes 
in the series. 

This aspect of the invention may also be said to reside in 
5 a detector for a time of flight analysis device^ including: 

an ion sensitive surface for receiving an ion 
flow and for producing a secondary exaission; 

a plurality of discrete dynodes arranged in 
series with respect to one another for receiving and 
10 amplifying the secondary emission; and 

means for preventing at least a part of the 
secondary emission or amplified secondary emission from 
reaching any one of the dynodes. 

15 Thus, according to this aspect of the invention the 

detector can be protected from high ion currents which are 
produced when a high concentration of a particular ion 
species is present in the sample to be analysed and which 
otherwise would produce significant wear of the detector 

20 should that species be detected by the ion sensitive 
surface and amplified by the series of dynodes. By 
preventing the secondary emission resulting from that 
species from reaching any one of the dynodes the dynodes 
down stresua of that dynode can be protected from the 

25 increased secondary emission current which would otherwise 
be produced to thereby increase the lifetime of the 
detector. 

Preferably the secondary emission or amplified secondary 
30 emission is prevented from reaching any particular one of 
the dynodes by temporarily maintaining that dynode, or a 
control electrode in the vicinity of the dynode, at a 
potential different from its normal operating potential 
thereby deflecting the secondary emission or amplified 
35 secondary emission from its normal path. 

Preferably a quenching electrode is provided for receiving 
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the secondary emission after the deflection from its normal 
path so that the secondary emission is effectively removed 
from the sensitive region of the detector before the 
various dynodes and electron potentials are restored to the 
5 normal operating values* 

A third aspect of the invention is related to the push out 
of packets of ions into the time of flight cavity of an 
analysis device. Time of flight mass spectrometers which 

10 include a means for producing an ion source such as by ICP 
(inductively coupled plasma) and which include an 
orthogonal accelerator to move packets of ions transverse 
to their original direction of travel into a time of flight 
cavity are known. The time at which the orthogonal 

15 accelerator is biased to push the ions in the transverse 
direction into the time of flight cavity is used as a 
timing thresholding for the time of travel of the ions from 
the orthogonal accelerator to the detector to provide the 
time measurement for the ion travel. Orthogonal 

20 acceleration time of flight mass spectrometry has the 

distinction of a higher duty cycle ideally reaching 50% or 
higher values. 

Another known advantage of TOF MS over other techniques is 
25 known to be "simultaneousness" of the technique, meaning 
that all the ions created at a particular time moment in 
the ion source are then separated according to their mass 
to charge ratio within the TOF analyser and form mass peaks 
of the same mass spectrum. That is, each individual single 
30 ion extraction spectrum contains ions created at the same 
time in the ion source, so that not only processes 
happening within the ion source may be observed (with 
typical sampling frequency of up to 100 kHz), noise of the 
ion source may be almost completely eliminated, giving 
35 better precision and better accuracy of isotope ratio 

measurements. However this is true only if ions created 
simultaneously in the ion source are translated into the 
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extraction region (ie the orthogonal accelerator) of TOF 
instrument simultsmeously to be sampled by the same 
extraction pulse. Un£ortunately# this is not (and never) 
the case, as ions are extracted from the source usually by 
5 means of an electrostatic field, accelerating ions to a 
certain predetermined energy. As a result, ions of 
different masses created simultaneously in the ion source, 
accelerate to different velocities (depending on square 
root of mass), and arrive at the orthogonal extraction 

10 region at sufficiently different time, so that some ions 
from the group of ions created simultaneously miss the 
extraction pulse completely, some ions are extracted, and 
some ions are extracted by the next oncoming extraction 
pulse together with the ions created within the ion source 

15 at a later time. 



The third aspect of the invention may be said to reside in 
a time of flight analysis device, including: 

means for producing a ion beam and for directing 
20 the ion beam in a first direction, 

a first orthogonal accelerator for directing some 
of the ions in the ion beam transverse to the first 
direction into a time of flight cavity; 

a second orthogonal accelerator; 
25 an ion mirror for reflecting ions in the beam 

which pass through the first orthogonal accelerator and the 
second orthogonal accelerator back in to the second 
orthogonal accelerator, so the second orthogonal 
accelerator ceoi push the reflected ions trsuisverse to the 
30 first direction into the time of flight cavity; and 

a detector for detecting the ions after the ions 
pass along the time of flight cavity. 



According to this aspect of the invention heavy ions such 
35 as uranixim ions are pushed sideways by the first orthogonal 
accelerator and lighter ions such as lithium ions which are 
produced at the same time and at the same temporal position 
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as the uranitun ions pass through the first orthogonal 
accelerator, the second orthogonal accelerator and are 
reflected by the ion mirror back into the second orthogonal 
accelerator where they are pushed sideways into the cavity 
5 at the same time as the uranium atoms by biasing the first 
and second orthogonal accelerators at the same time. By 
reflecting the lighter ions back into the orthogonal 
accelerator the direction of travel of the lighter ions is 
such that the two orthogonal accelerators can be arranged 

10 symmetrically with respect to the detector so that the path 
of travel of ions pushed out by both orthogonal 
accelerators will be identical. Thus, ions produced at the 
same position at the same time can be pushed out at the 
time of flight cavity at the same time for detection. 

15 Thus, the lighter ions are effectively extracted from a 
longer section of the beam travelling in the first 
direction than the heavier ions so that the duty cycle for 
the lighter ions is improved and becomes comparable to the 
duty cycle for the heavier ions. 

20 

Preferably the first and second orthogonal accelerators are 
separate from one another and accelerating and focussing 
means is provided between the first and second orthogonal 
accelerators • The energy to which the ions are accelerated 

25 between the first and second orthogonal accelerators and 
the dimension of the space between the first and second 
orthogoxxal accelerators may, however, be arranged in such a 
way that light ions which are let through during the 
extraction cycle of the first orthogonal accelerator (that 

30 is when the heavier uranium ions are pushed sideways) enter 
the second orthogonal accelerator leave it and returning 
back to the second orthogonal accelerator during the fill 
time (that is the time at which ions are travelling into 
the first orthogonal accelerator after the first 

35 extraction) of the next extraction cycle. These lighter 
ions are then pushed out by the second orthogonal 
accelerator by a push out pulse or bias supplied to both 
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orthogonal accelerators simultaneously. 

A further aspect of this invention may also be said to 
reside in a time of flight analysis device, including: 
means for producing an ion beam; 
a time of flight cavity; 

orthogonal accelerator means for receiving the 
ion beam and for deflecting the ion beam sideways into the 
time of flight cavity; 

an ion mirror at one end of the time of flight 
cavity for receiving the deflected ion beam and reflecting 
the deflected ion beam; 

a detector for receiving the reflected ions; and 
a second ion mirror arranged transversed with 
respect to the first ion mirror for reflecting at least 
some of the reflected ions from the first mirror to the 
detector • 

This aspect of the invention enables a relatively long 
orthogonal accelerator to be used so that lighter ions 
which are extracted from the longer section of the 
orthogonal accelerator undergo a second reflection by the 
second ion mirror so they are detected by the detector and 
do not miss the detector. Thus, once again lighter ions 
5 which are extracted from the longer section of the beam can 
be detected with the heavier atcms thereby increasing the 
duty cycle of the device. 

Preferably the second ion mirror extends from the said one 
30 end of the time of flight cavity to the detector which is 
arranged at a first end of the flight cavity adjacent the 
orthogonal accelerator. 

A further aspect of this aspect of the invention relates to 
35 duty cycle enhancement of orthogonal acceleration. 

In an idealistic situation, when ion energy in the 
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direction along the beam has no spread, all the ions with 
the same longitudinal energy reach the same point on the 
target (detector) after travelling through the time of 
flight analyser, as the trajectories of ions in 
5 electrostatic ion optics are energy dependant smd mass 

independent. Usually, during adiabatic expansion through 
the orifice of the sampler cone of the analyser, ions of 
all masses pick up same average velocity (that of the bath 
gas) . As a result the average energy is mass dependant and 
10 average final coordinate of the ions population when they 
rich the detector is mass dependent. 

In real life, however, ion velocities and energies are 
defined by a variety of the processes occurring in the ion 

15 source and in the interface chamber during the expansion. 
One of the mecheoiisms defining ion energy is, for example, 
capacitive coupling of RF voltage to plasma. The RF 
potential is distributed long the plasma jet within 
interface and ions are extracted from the jet from the 

20 points (in time and space) which have different electrical 
potential. As a result, energy of ions is not sharply 
defined by velocity of the bath gas only, but by the 
properties of RF plasma coil and RF matching network. 

25 This aspect of the invention may also be said to reside in 
a time of flight analysis device, including: 

means for producing an ionised sample from which 
a beam of ions is generated; 

an orthogonal accelerator for receiving the beam 
30 of ions and for deflecting the ion beam sideways; 

a detector for detecting the ion beam deflected 
sideways by the orthogonal accelerator; 

the orthogonal accelerator being longer in the 
direction of the ion beam thfiua the length of the detector 
35 such that low energy and low mass ions reflected sideways 

from the ion beam from one position along the length of the 
orthogonal accelerator can arrive at said detector and high 
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energy and high mass ions produced at a different position 
along the length of the orthogonal accelerator and pushed 
sideways are also received by said detector. 

5 Thusr this aspect of the invention enables a conventionally 
sized detector to be used and to enhance the duty cycle of 
the orthogonal accelerator by simply increasing the size of 
the orthogonal accelerator. 

10 In one preferred embodiment, the length of the orthogonal 
accelerator may be approximately 50 mm and the length of 
the detector approximately 30 mm. 

Preferably the length of the orthogonal accelerator is in 
15 the order of 1.5 to 3 times the length of the detector and 
most preferably approximately 2 to 3 times the length of 
the detector. 

A fourth aspect of this invention relates to time of flight 
20 mass spectrometers, particularly to the method of time- 
spatial focussing in time of flight mass spectrometers. 

In orthogonal accelerators (or any other beeun chopper) ions 
are initially distributed within a finite beam width. When 

25 an acceleration (push-out) pulse is applied, ions appear at 
different points of created homogenous electric field 
(formed by a push-out plate and grid) . As a result, they 
are accelerated to different energies. For example, if the 
distance between the plate and grid is 10 mm, and a push- 

30 out voltage applied is 1000 V, then the potential 

difference between two points separated by 1mm would be 100 
V. If beam width is 5 mm, then ions from outer edges of 
the beam would be accelerated to energies different by up 
to 500 eV. The ions closer to the plate, say, would 

35 acquire about 1000 eV. The ions 5 mm away from the plate 
would acquire 500 eV only. After leaving the orthogonal 
accelerator as a result, the ions of the same mass would 
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have sufficiently different velocities, and would arrive at 
a detector at sufficiently different times. This 
implements increase in mass peak temporal width and hence 
decreases resolution. 

5 

Accordingly, a fourth aspect of the invention may be said 
to reside in a time of flight analysis device, including: 

means for producing an ionised sanple from which 
a beam of ions is generated; 

10 an orthogonal accelerator for deflecting the ion 

beam sideways, the orthogonal accelerator being configured 
and powered so that ions of the same charge to mass ratio 
which are moved sideways from the beam of ions and commence 
sideways movement from different distances within the beam 

15 in the direction of sideway movement are time and spatially 
focused at a focus position, the spatial focussing being 
performed according to the following conditions for finite 
spatial spread 

i^(&r|^=o , (5) 

n! ds * 



■j i 



So is coordinate of the ion beam 
25 W is the full width of the ion beam; and 

a detector for detecting the beam which is 
deflected sideways by the orthogonal accelerator. 

Since ions which are produced at different positions are 
30 focused to the same time and spatial focus the resolution 
of the analysis device is increased. 

Preferably the detector is located at the focus position ( 
the focus serves as a virtual ion source for another time 
35 of flight analyser^ for example mass reflectron. 
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The orthogonal accelerator is preferably a two or three 
plate accelerator. 

5 Preferably for three plate and therefore three stage 

focussing the spatial focussing is performed according to 
the following conditions 



10 

where 

A= sE. + dEd + eE,; B= sE. + dEa; C= sE,; 

indexes + mean that value of correspondent parameter A, 
15 B or C is considered at S=Sc+W/2 respectively, 

D is distance to spatial focus from exit of orthogonal 
accelerator 

e is gap width of third gap of the 3 -step acceleration 
20 d is gap width of second gap of the three- step 
acceleration 

Es, Ed and Ee are the field strengths of the first, second 
and third stages of the three stage acceleration 
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re spec t ively • 

A further problem which occurs with conventional time of 
flight mass spectrometers is due to significant Coulomb 
5 forces which exist at focal points of the ion beam as the 
ion beam travels from the ion source to the detector. Most 
time of flight mass analysis en^loy ion beams at relatively 
low intensity (less than InA) . Typical ion currents 
detected in ICP mass spectrometers are of the order of 10 
10 to 50 nA, with ion energy of the order of 10 eV. 

This means very severe space charge effects are happening 
in low voltage parts of the ion optics especially at the 
focal points where ions ea^erience significant coolant 
15 forces. 

The object of a fifth aspect of the present invention is 
concerned with overcoming space charge effects, effecting 
resolution and sensitivity of time of flight analysis 
20 devices where ion beams are focussed to a small point so 

that a large number of ions may be present in a very small 
area of space where space charge effects may effect the 
resolution and sensitivity of the instrximent. 

25 This aspect of the invention may be said to reside in a 
time of flight analysis device, including: 

means for producing an ionised sample from which 
a beam of ions is generated; 

an orthogonal accelerator for deflecting the ion 
30 beam sideways; 

beam forming optics between the means for 
producing the ionised sample and the orthogonal accelerator 
for focussing the beam of ions so that at every focus plane 
the beam is focussed such that one dimension of the beam is 
35 larger than another dimension of the beam; 

a detector for detecting the ion beam deflected 
sideways by the orthogonal accelerator; and 
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vertical focussing means between the orthogonal 
accelerator and the detector for focussing the beam back to 
a size commensurate with the size of the detector. 

5 Preferably the beam forming optics focus the beams at every 
focus plane between the means for producing the ionised 
sample and the orthogonal accelerator, the beam has a 
dimension of about 30 mm by 3 mm. 

10 Preferably the vertical focussing means is located at a 
position where ions of different masses are separated in 
time so that space charge effects are less severe when the 
beam crossover becomes smaller after vertical focussing* 

15 This aspect of the invention may also be said to reside in 
a time of flight analysis device, including: 

means for producing an ionised sample from which 
a beams of ions is generated; 

an orthogonal accelerator for deflecting the ion 
20 besua sideways for producing ion packets, the ions in each 
packet separating as the ions in each packet move sideways 
due to different mass charge ratios of the ions in each 
packet; and 

vertical focusing means located at a position 
25 where the ions in the ion packet have separated in time, 

for vertically focusing the ions which have been separated 
so as to avoid excessive space charge effects. 

A sixth aspect of the invention concerns p\imp size for 
30 producing vacuums within the time of flight analysis 
device • 

This aspect of the invention may be said to reside in a 
time of flight analysis device, including: 
35 an interface chamber for receiving an ion beam; 

a main pump for evacuating the interface chamber; 
an intermediate chamber for receiving the ion 
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10 



15 



20 



beam from the interface chamber; 

a first low pressure pump for evacuating the 
immediate vacuum chamber, the first pump being coupled to 

the main pximp; 

a main vacuum chamber for forming a time of 
flight cavity and for receiving ions for time of flight 
travel to a detector; 

a second low pressure pump for evacuating the 

main vacuum chamber; 

an additional chamber between the intermediate 
chamber and the main vacuum chamber; 

a third low pressure pump for evacuating the 
additional chamber, the third low pressure pun^ being 
coupled to the main pump; and 

the second low pressure pump being coupled to the 

third low pressure pump. 

By the inclusion of the additional vacuum chamber and the 
third low pressure pump the pump size of the low pressure 
pumps and main pump can be reduced and although an 
additional pump is required. Pump costs are reduced in 
view of the ability to reduce the size of the pumps. 



Preferably a petition wall is arranged between the main 
25 vacuum chamber and the additional vacuum chamber. 



Brief Description of the Drawings 

Preferred embodiments of the invention will be described, 
30 by way of example, with reference to the accompanying 

drawings in which: 

Figure 1 is a schematic view of a ICP time of 

flight mass spectrometer according to the preferred 

embodiment of the invention; 
35 Figure 2 is a diagram showing a typical discrete 

dynode type detector used in time of flight mass 

spectrometers ; 
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Figure 3 is the schematic diagram of a detector 
according to one embodiment of the present inventions- 
Figure 4 is a diagram of an orthogonal 
accelerator arrangement according to one embodiment of the 
5 invention which may be used in the spectrometer of Figure 
1; 

Figure 5 is a view of an orthogonal accelerator 
and ion mirror arrangement according to another embodiment 
of the invention which may be used in the embodiment of 
10 Figure 1; 

Figure 6 is a schematic view of part of the 
spectrometer of Figure 1 with some cox^ponents omitted 
illustrating a further embodiment of the invention; 

Figure 7 is a graph showing a f ocussed ion beam 
15 dimension according to the embodiment of Figure 6; 

Figure 8 is a graph showing another dimension of 
the beam showing in the graph of Figure 7; 

Figure 9 is a graph showing the beam dimension 
after vertical focussing in the embodiment of Figure 6; 
20 Figure 10 is a diagram illustrating the operation 

of a conventional orthogonal accelerator; 

Figure 11 is a diagram showing an orthogonal 
accelerator and detector arrangement according to an 
embodiment of the invention; and 
25 Figure 12 is a diagram of an orthogonal 

accelerator used in spatial focusing to spatially focus 
ions moved sideways from different points in an incoming 
ion beam. 



30 Description of the Preferred Embodiments 

Figure 1 shows the general layout of a time of flight mass 
spectrometer using inductively coupled plasma as an ion 
source. The mass spectrometer of Figure 1 includes a radio 
35 frequency generator 1 for supplying radio frequency power 
via a matching network 4 to an inductance coil 8, and a gas 
control unit 2 for supplying bath gas such as argon or 
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helixim to an ICP torch 6 and a sample introduction system 
3. The sample introduction system 3 supplies gas flow with 
particles of a sample dispersed in it for injection into 
plasma. The ICP torch 6 and the inductance coil 8/ located 
5 within a torch compartment 1 , produce plasma consisting of 
species of bath gas and saiQple material which is to be 
analysed which plasma is schematically shown by reference 
numeral 9. Plasma is sampled through orifice of a sampler 
cone 10a into an interface chamber 10 which is evacuated by 
10 a rotary pump 11 and then further into an intermediate 

vacuum chamber 12 through an orifice in a skimmer cone 10b. 
The intermediate chamber 12 is pumped by a turbo-molecular 
p\imp 14. A beam forming optics 13 is provided within a 
side vacuum chamber 15 behind third orifice 15a along the 
15 path of the sampled plasma jet for creating a beam of ions 
of bath gas and ions of species representing the sample. 
Reference number 5 represents a beam forming optics power 
supply/ 2uid reference number 16 represents said ion beam 
which is to be analysed by means of a time of flight 
20 analyser located further downstream within a main vacuum 
chamber 29 which includes a time of flight c h a m ber. A 
turbo-molecular pump 30 provided for pumping the main 
chamber down to acceptable pressure for analysis pressure. 

25 An orthogonal accelerator 17 is provided for pushing out a 
multi-mass ion packet from the beam 16. A push out pulse 
supply 18 is coupled to the accelerator 17 for providing 
repetitive push-out voltage at typical frequency of 40 kHz. 
The dropped out ions or ion packets which are moved out of 

30 the beam 16 travel within the field free space of liner 20 
towards ion gate 19 , being partially separated in time into 
iso-mass ion packets shown schematically by reference 
number 31. The ion gate 19 is described in our provisional 
application no. PO 4810 the contents of which is 

35 incorporated by this reference. The potential of liner 20 
is supplied to it by a liner power supply 23. An ion 
mirror 21 provided at the end of the liner 20, and an ion 
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10 



15 



20 



25 



30 



35 



reaches its limit, the ions corresponding to the mass 
channel are eliminated out of the beam by the ion gate 19. 
The ntunber of shots needed for reaching the limit is a 
measure of peak intensity. This is done in order to extend 
the life of the detector as well as for increasing 
abundance sensitive of the instrument. Pulse stretching 
after the discriminator have included to increase the 
effectiveness of the TDC circuitry 26a. 

Figure 2 shows a schematic layout of a typical detector 24 
used in time of flight mass spectrometry. The detector 24 
has a conversion dynode 24a having an ion sensitive surface 
and a plurality of discrete dynodes numbered ID to 13D in 
Figure 2. A collection anode 24b is arranged after dynode 
13D as is well known. As is also well known when ions 
impact on the ion surface of the conversion dynode 24a a 
secondary emission of electrons or photons is produced 
which passes to the first dynode numbered ID in Figure 13. 
The secondary emission is effectively amplified by the 13 
dynodes and the amplified secondary emission ia^inges on 
the collection anode 24b to produce an output signal. 
Typically/ an initial low voltage is supplied between the 
conversion dynode 24a and the 13th dynode such as a voltage 
of 2 KV in order to set the gain of the detector. As the 
detector wears during use of the spectrometer it is 
necessary to increase the voltage applied to compensate for 
the wear of the detector and to maintain the gain constant. 
The increase in the voltage interferes with the 
electrostatic configuration of the spectrometer requiring a 
recalibration of the mass scale of the spectrometer to 
compensate for the different electrostatic charge or 
condition of the spectrometer which will cause ions to 
travel more quickly or slowly in the time of flight cavity 
generally defined by the liner of 20. 

The detector of the preferred embodiment of the present 
invention is shown in Figure 3 and overcomes the problems 
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With the conventional detectors 24 described above. As is 
shown in Figure 3 the detector includes 13 discrete dynodes 
as in the detector of Figure 2, a collection anode (not 
shown) and a conversion dynode 24a. According to this 
5 embodiment a variable resistor 55 is located between any 
pair of adjacent dynodes such as between the collection 
dynode 24a and the first dynode nunbered 1 in Figure 3. 
According to this enbodiment of the invention a high 
voltage (typically the highest voltage required in order to 
10 operate the detector 24 after the detector has worn to its 
^iaum degree) is applied between the conversion dynode 
24a and the 13th discrete dynode and is maintained constant 
throughout the life of the detector 24. The gain of the 
detector 24 is set by varying the variable resistance 55 
15 and to maintain the gain constant as the detector 24 wears 
the variable resistance is simply altered thereby maintain 
the gain constant. Thus, the electrostatic condition of 
the spectrometer is not altered because there is no need to 
vary the voltage between the conversion dynode 24a and the 
20 13th dynode and therefore recalibration of the mass scale 
is not required. 

Furthermore, secondary electron pulses may be prevented 
from reaching any one of the dynodes by temporarily 
25 maintaining that dynode or a control electrode (not shown) 
in the vicinity of that dynode at a potential different 
from its normal operating potential thereby deflecting the 
secondary electron pulse from its normal path. Thus, the 
variable resistor 55 may be used to not only set the gain 
30 of the detector but also to temporarily deflect the 

secondary electron pulse so that the electron pulse does 
not reach the first dynode and is therefore not amplified 
by the dynodes thereby saving the dynodes and increasing 
the life of the detector 24. The resistor 55 may be 
35 altered when unwanted ions arrive at the collection dynode 
24a such as the ions relating to the matrix species which 
is used to entrain the sample species in the ion source for 
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ionization i.e. argon ions, so the secondary emission 
relating to argon ions are not amplified by the dynodes ID 
to 13D emd therefore the dynodes do not wear due to the 
increased electron impingement upon their surfaces. 
Although in Figure 3 the variable resistor 55 is shown 
between the conversion dynodo and the dynode numbered ID in 
the discrete series of dynodes, the variable resistor or 
additional variable resistors could be provided between any 
pair or all pairs of the dynodes. As shown in Figure 3 the 
value of the variable resistance 55 is preferably between 
280 k ohms and 1 mega ohm. Also, by variable resistor any 
arrangement which alters the electrical potential of one 
dynode with respect to an adjacent dynode or anode is meant 
ie dynamic load. 



15 



Figure 4 shows one preferred form of an orthogonal 
accelerator arrangement. The ion source 6 and beam optics 
13 are schematically shovm and produce ion beam 16. A 
first orthogonal accelerator 17a is shown at one end of a 

20 time of flight cavity generally defined by liner 20. A 
detector 24 is arranged at the other end of the liner 20. 
However, in other enibodiments as is shown in Figure 1 an 
ion reflector could be arranged at the end of the liner 20 
and the detector arranged adjacent the orthogonal 

25 accelerator 17a. 

A second orthogonal accelerator 17b is arranged beside the 
accelerator 17a and spaced from the accelerator 17a in the 
direction of travel of the beam 16. An accelerating and 
30 focussing device 60 is arranged between the accelerator 17a 
and 17b. An ion mirror 62 is arranged on the far side of 
the second accelerator 17b with respect to the ion source 6 
ar><^ optics 13 which produced the beam 16. 



35 



Both accelerators 17a and 17b are coupled to a common 
powering circuit schematically represented by reference 64 
to which pulses schematically represented by reference 68 
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can be applied to push out ions from the beam 16 so that 
the pushed out ions travel in the direction of arrows 66 
through the liner 20 to detector 24. 

5 Heavy ions such as uranium ions produced in the ion source 
6 and lighter ions such as lithiiim ions which are produced 
at the same time and at the same temporal position in the 
ion source 6 travel at different speeds in the beam 16 
towards the accelerator 17a and 17b because of the 
10 different mass of those ions. By the time heavier uranium 
ions emanating from the same position as lithium ""ions 
arrive or fill the accelerator 17a the lighter lithium ions 
have passed through the accelerator 17a and also through 
the accelerator 17b to be returned back by the ion mirror 

15 62 to again pass into the accelerator 17b. The space 
between the accelerator 17a and 17b together with the 
accelerating and focussing meeois is selected such that 
lithixxm ions are turned about by the ion mirror 62 and 
again fill the accelerator 17b at the same time as the 

20 heavier urfiuxium ions are filling the accelerator 17a. 

Pulse 68 which is applied to circuit 64 produces a push out 
voltage on the accelerators 17a and 17b which 
simultaneously push the ions filling the accelerator 17a 
and 17b out side ways in the direction of the arrows 66 so 

25 that the uranium ions and lithium ions currently commence 
travel towards the detector 24. 



As can be seen from Figure 4 the accelerator 17a and 17b 
are arranged symmetrically with respect to the detector 24 

30 and the direction of travel of the ions in the accelerator 
17a causes the ions to move at an angle with respect to the 
longitudinal axis of the line 20 towards the detector 24 as 
shown by the left hand arrow 66. The lighter lithium ions 
which have been turned about by the ion mirror 62 and which 

35 are travelling in the opposite direction to the ions in the 
accelerator 17a are pushed out by the accelerator 17b so 
they travel in a direction of the right hand arrow 66 in 
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Figure 4. It will be noted that the arrows 66 are 
indicative of ion flow paths which are of identical 
distance from the respective accelerator 17a and 17b to the 
detector 24 so that the distance of travel of the ions is 
5 identical regardless of which accelerator pushes the ions 
out from the beams 16. Thus, time of flight from the 
accelerator 17 a and 17b and arrival of the ions at the 
detector 24 will produce a mass spectra of the sample ions 
in the beam 16. With this embodiment of the invention ions 
10 produced at the same time and from the same temporal 

position in the ion source 6 will be pushed out from the 
beam 16 with effectively the same extraction pulse being 
applied to the accelerator 17a and 17b regardless of the 
different speed travel of the light and heavy ions in the 
15 beam 16. Thus, ions created at the same time can be 
detected in one extraction pulse which enables the 
processes happening within the ion source to be traced so 
that any unusual phenomena happening at the time of 
creation of various ions will effectively cancel out 
20 because the same phenomena will effect all the ions of 
interest. Those ions will be produced by a single 
extraction pulse applied to the accelerator 17a and 17b. 
Instead of the same extraction pulse extracting the ions 
from the accelerator 17a and 17b, a first extraction pulse 
25 could be used to extract the heavier ions filling the 

accelerator 17a and a siabseguent pulse could be used to 
extract the lighter ions from the accelerator 17b so that 
ions produced from the same temporal position could emanate 
from the accelerators 17a and 17b in subsequent extraction 
30 pulses applied to the accelerator 17a and 17b. Further 

still, ions produced from different temporal positions can 
also be extracted in the same extraction pulse applied to 
the accelerator 17a and 17b so phenomena occurring at 
different temporal positions can be monitored with respect 
35 to one another in the detected ions arriving at the 
detector 24. 



wo 9a/40907 



- 26 - 



PCT/AU98/00164 



In the arrangements discussed above the extractional length 
of the orthogonal accelerator 17 is effectively increased 
by providing two accelerators 17a and 17b so that heavier 
and lighter ions can be extracted from the accelerator at 
5 the one time thereby decreasing the time required to 

produce a full mass spectra of the sample lines produced in 
the ion source 6. 

Figure 5 shows a further embodiment of the invention in 

10 which a single relatively long orthogonal accelerator 17' 
is utilised • The accelerator pushes ions out of "the beam 
16 {not shown) towards ion mirror 21 and the ion mirror 
reflects the beam of ions towards a detector 24 arranged 
adjacent the orthogonal accelerator 17'. Because the 

15 accelerator is long the ions pushed out of the beam 16 are 
spread over a substantial distance so they spread a 
distance greater than the size of the detector 24. In 
order to focus the beam of ions pushed out by the 
accelerator 17' a second ion mirror 70 is arranged which is 

20 perpendicular to the mirror 21 and which rxins down the side 
of the liner at 20 from a position substantially adjacent 
the detector 24 and orthogonal accelerator 17' to the 
mirror 21. The ion mirror 70 refocusses the beam to reduce 
its spread to a size which coincides with the detector 24 

25 so that all of the ions pushed out of the orthogonal 
accelerator 17' are received by the detector 24. 

Figure 6 is a view of the spectrometer of Figure 1 with 
some of the components omitted for ease of illustration. 

30 Ion source 6 produces an ion beam as previously described 
which passes through skimmer cones 10a and 10b and sliding 
valve 81 to beam forming optics 13. The beam forming 
optics form the beam into a beam suitable for entry into 
orthogonal accelerator 17 so that beam packets can be 

35 pushed sideways by the accelerator 17 into liner 20 for 
reflection by ion mirror 21 back to the detector 24 as 
previously described. 
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The beam forming optics focuses the ion beam 16 so that the 
beam has a dimension in one direction which is 
substantially greater than the dimension in another 
5 direction. For exan©le as is shown by graphs which form 
the subject of Figure 7 and 8 the beam 16 is focussed by 
plates 92 so as to have a dimension in the "Y" direction 
(which is the vertical direction in Figure 6) which is much 
greater than the dimension in the "Z" direction (which is 
10 the direction into and out of the plane of the paper of 

Figure 6), For example, the dimension in the "Y" direction 
may be in the order of 30 mm and the dimension in the "Z" 
direction may be in the order of 3 mm. The beam passes 
through a restrictor 93 to further beam forming and 
15 focussing plates 96 which refocus the beam to effectively 
cause the beam to cross over so that the "Z" dimension 
becomes large and the "Y" dimension becomes small for 
application of the beam into the orthogonal accelerator 17. 
The cross over of the beam which has a large dimension in 
20 one direction and a small dimension in another direction as 
distinct from merely focussing to a circular point, reduces 
the space charge effect of the beam because a large n\2mber 
of ions are not present in a small space at any one time 
thereby reducing charge de- focussing of the beam as the 
25 beam crosses over as it is focussed by the beam forming 

optics. The beam therefore as a significant dimension in 
the "Z" direction as it enters the orthogonal accelerator 
for push out into the liner 20. 

30 In this embodiment and the embodiment of Figure 1 a 
collector electrode 28 is arranged at the end of the 
orthogonal accelerator for collecting ions which pass 
through the orthogonal accelerator 17. 

35 As the beam packets are pushed out of the orthogonal 

accelerator 17 into the liner 20 a vertical focussing means 
100 is provided to produce vertical focussing of the beam 
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to return the "Z" dimension of the beam to a smaller size 
suitable for receipt by the detector 24. That is, the "X" 
dimension of the "Z" dimension of the beam packets pushed 
out of the orthogonal accelerator 17 will be somewhat 
5 larger than the size of the detector 24 and in order to 
ensure that all the ions are received by the detector 24 
the vertical focussing means 100 reduces the "Z" dimension 
of the beam to a size suitable for receipt by the detector 
24. The vertical focussing means 100 may be positioned 

10 anyway in the liner 20 as shown in Figures 1 and 6 but 

preferably positioned at a point where ions of different 
masses have already separated in time so that the space 
charge effects are less severe when the beam is re-focussed 
and crosses over and becomes smaller after vertical 

15 focussing. 

Figure 9 shows how the "Z" dimension changes during 
vertical focussing to reduce the beam to a size suit2Q3le 
for receipt by the detector 24. 

20 

Figures 10 and 11 illustrate a further embodiment of the 
invention in which the length of the orthogonal accelerator 
17 in the direction of the ion beam is greater than the 
size of the detector 24. 

25 

Figure 10 demonstrates how ions of different masses reach 
the detector 24 at different points due to the difference 
in average longitudinal energy. Extreme cases of, for 
exeuaple, magnesium 24 at a minimal energy of 7 electron 

30 volts and uranium 238 at a maximum energry of 36 electron 
volts are shown. In order for the detector 24 to receive 
these ions emanating from the same point in the orthogonal 
accelerator 17, the detector would have to have a size of 
approximately 68 mm. Typical detector sizes are in the 

35 order of 30 mm or less and therefore many of the ions 

deflected sideways by the orthogonal accelerator core not 
received by the detector 24 and therefore the duty cycle or 
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orthogonal acceleration is relatively low. 

Figure 11 shows an arrangement whereby the orthogonal 
accelerator 17 is increased in length relative to the 
5 detector 24 so that the orthogonal accelerator is in the 
order of 1-5 to 3 times the size of the detector 24 and 
most preferably approximately 2 to 3 times the size of the 
detector 24. In this exabodiment, low energy and low mass 
ions extruded at one extremity of the orthogonal 
10 accelerator 17 such as Mg 24 ions can be received by the 
detector 24 and high energy high mass ions extruded at the 
other extremity of the orthogonal accelerator 17 are also 
received by the detector 24. Ions with masses and energies 
between those of the magnesium 24 and uraniiom 238 ions 
15 referred to above and produced between the extremities of 
the orthogonal accelerator 17 shown in Figure 11 will also 
arrive at the detector 24. Although the fraction of ions 
lost for detection may be the same as in the prior art 
arrangements, the overall number of ions reaching the 
20 detector 24 is increased due to the fact that more ions are 
initially extracted from the orthogonal accelerator 17. 
Thus, the detector 24 according to this arrangement has the 
ability to detect ions having a wider spread of 
longitudinal energy therefore increasing the duty cycle of 
25 the orthogonal acceleration and therefore increasing the 
sensitivity of the spectrometer. 

The detector 24, according to this embodiment of the 
invention, is preferably positioned relative to the 

30 orthogonal accelerator 17 to a compromised position so that 
most of the overlapped ion projectories cross the detector 
plane of the detector 24 at its entrance window. In order 
to adjust the position at which the ions leaving the 
orthogonal accelerator 17 will intersect with the detector 

35 24 the initial energy supplied to the ion beam entering the 
orthogonal accelerator 17 can be altered so that the ion 
trajectory shown in Figure 11 will effectively move in the 
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direction of dotible headed arrow A in Figure 11. 
Typically/ the energy may be in the order of 20 volts, but 
by increasing or decreasing this voltage, the trajectories 
can move in the direction of double headed arrow K to 
5 provide optimum intersection of the trajectories with the 
detector 24. 

In one preferred embodiment of the invention, the detector 
24 would have an effective length of approximately 30 mm 
10 and the orthogonal accelerator an effective length of 
approximately 50 mm. 

Spatial focusing to focus ions produced at different 
positions in an ion beam entering the orthogonal 
15 accelerator will be described with reference to Figures 11 
to 21 and in particular illustrates how parameters of the 
orthogonal accelerator can be set to achieve minimal peak 
width for a beam of finite initial width. 

20 The condition of first-order time-spatial focusing in 

conventional TOF was introduced by Wiley and McLaren in the 
50' s. They stated that the change in the time of flight AT 
corresponding to a small change of initial coordinate s is 
given by series expansion: 



30 Then the condition of first order spatial focusing was 
stated as: 



Ar = I- 



1 (d'T^ 



(1) 





(2) 



35 
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Best resolution was observed for those configurations in 
which drift time T(S) at 5=5o has maxixmxm. Later can be 
achieved by employment the condition; 



<0. 



(3) 



In practice beam width IV can be of the order of (0.5-l)Saax 
(Saax being the width of the first gap of the three stage 
acceleration), and (1) should be changed to: 



10 



W J 



1 ( d'T^ 
nil ds'' 



(A5)' 



(4) 



Even the equality of the derivatives of all the orders to 
zero at So is not enough to keep overall _T minimal. In 
15 the other points of the beam these derivatives can 
sufficiently differ from zero, and (4) will not be 
minimized. 



The condition of ideal spatial focusing at such a case can 
20 be formulated as following: 

0 °° 

J s 



1 WT* 

-^^(&)"|i5 = 0 . 

n\ ds ' 



(5) 



So is coordinate of the centre of ion beam 
25 W is full width of the ion beam 



Consider typical three-step acceleration as shown in figure 
12. Two-step acceleration configuration can be simply 
created by applying the condition of S^-JBd* Meucimal total 
30 energy of ions, i.e. the total drop of potential Ug^Ua+U^ is 
supposed to stay constant. As in our consideration mcucimal 
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5 



10 



_5=F/ can bo of the order of S, the total drift energies of 
ions differ sufficiently- In order to keep possible turn- 
around time influence the same, let consider Es the same 
for all conf isrurations. 

Formula for derivative d°T/ds" for 3 -step configuration is 
derived to be; 



where 

A=: sEs + dEd + eEe; sE^ + dEa; C= sEs; {2n-3)! and (2n-l) I 
are factorials of odd nximbers only. S is a variable 
coordinate of a particular point in the beam measured from 
15 the first grid in the orthogonal accelerator. 

For 3-step acceleration the equation becomes: 

20 where indexes -/ + mean that value of correspondent 

parameter A, B or C is considered at 5=5o-IV/2, S^So+W2 
respectively. 



D is distance to special focus from exit of orthogonal 
25 accelerator 

e is gap width of third gap of the 3-step acceleration 
d is gap width of second gap of the three-step 
acceleration 

Es, Ed and Ee are the field strengths of the first, second 
30 and third stages of the three stage acceleration 

respectively. 
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As is shown in Figure 1 a rotary pump 11 is used for 
primary evacuation of the interface chamber 10 and the 
5 first low pressure turbo ptuop 14 evacuates intermediate 
chaniber 12. The rotary pump 11 is connected to the 
interface chamber 10 by a conduit 150 which contains an 
isolation valve 152 for shutting off the conduit 150. The 
turbo pump 14 which evacuates the intermediate chaniber 12 
10 is also connected to the rotary pximp 11 by connecting the 
output of the turbo pump into the conduit 150 so'that the 
rotary pump 11 maintains a low pressure on the output of 
the turbo p\imp 14 so that turbo pump 14 can evacuate the 
relative lower pressure from the intermediate chamber 12. 

15 

A second turbo pump 30 is coupled to the main chamber 29. 
A third turbo pump 31 is connected to an additional chamber 
defined between the intermediate chamber 12 and the main 
chamber 29. The turbo pump 30 has its output connected to 
20 turbo pump 31 by conduit 154 to maintain low pressure on 
the upward side of the pump 30. The output of turbo pump 
31 is connected to rotary pump 11 by a conduit 158 which 
includes an admission valve 156. 

25 The third turbo valve 31 evacuates the additional chamber 
between the intermediate chamber 12 and the main chamber 29 
thus, the turbo pump 31 is able to reduce the pressure in 
the intermediate chamber 159 and also serves to reduce the 
output side pressure of the turbo pump 30 which evacuates 

30 the already relatively low pressure in the chamber 20. The 
pump 31 therefore reduces the pressure on the outlet side 
of the turbo pump 30 to a sufficiently low level whereby it 
can extract gas from the chamber 20 to reduce the chamber 
20 to the desired low operating pressure. 

35 

A baffle 158 may be provided between the additional chamber 
and the main chamber 29 the baffle 154 has an opening 158 
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for allowing the ion beam to pass from the additional 
chamber 159 into the orthogonal accelerator 17. 

The inclusion of the third turbo pump enables the size of 
5 all of the pux^ps to be reduced thereby greatly decreasing 
the cost of the pumps not withstanding the fact that 
additional pump is required. 

Since modifications within the spirit and scope of the 
10 invention may readily be effected by persons skilled within 
the art, it is to be understood that this invent xon is not 
limited to the particular embodiments described by way of 
example hereinabove. 
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THE CUIIMS: 

1. A time of flight analysis device, including: 

means for producing an ionised sample for 

5 analysis; 

a time of flight cavity; 

means for receiving the ionised sainple and for 
directing the ionised sample into the time of flight 
cavityi 

10 a detector for detecting the ionised saat^le after 

travel through the time of flight cavity; 

an analysis means coupled to the detector for 
receiving an output from the detector, said analysis means 
including; 

15 (a) time to digital conversion circuit means for 

receiving the output; and 

(b) an integrating transient recorder circuit 
means coupled in parallel with the time to digital 
conversion circuit means, also for receiving the output 

20 from the detector. 

2. The device of claim 1, wherein the analysis meems 
also includes a logarithmic preair^lif ier for extending the 
dynamic range of the integrating transient recorder circuit 

25 means and pulse stretching after a discrimixiator to 
increase the effectiveness of the time to digital 
conversion circuit means. 

3. A detector for a time of flight mass 
30 spectrometer, including: 

an ion sensitive surface for receiving a flow of 

ions; 

a plurality of discrete dynodes arranged in 
series for receiving a secondary emission from the ion 
35 sensitive surface when ions impact on the ion sensitive 
surface, the secondary emission being amplified by the 
discrete dynodes; and 
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means for varying the voltage between the ion 
sensitive surface and an adjacent dynode or between any 
pair of adjacent dynodes in this series of discrete dynodes 
so that a voltage between the ion sensitive surface and a 
5 last of the dynodes in this series of dynodes can be 
maintained substantially constant and the gain of the 
detector is varied by varying the voltage between the ion 
sensitive surface and the adjacent dynode or between said 
any pair of adjacent dynodes by the means for varying the 
10 voltage. 

4. A detector for a time of flight analysis device, 
including: 

an ion sensitive surface for receiving an ion 
15 flow and for producing a secondary emission; 

a plurality of discrete dynodes arranged in 
series with respect to one another for receiving and 
amplifying the secondary emission; and 

meeuis for preventing at least a part of the 
20 secondary emission or amplified secondary emission from 
reaching any one of the dynodes. 

5. The detector of claim 4, wherein the secondary 
emission or amplified secondary emission is prevented from 

25 reaching any particular one of the dynodes by tei^porarily 
maintaining that dynode, or a control electrode in the 
vicinity of the dynode, at a potential different from its 
normal operating potential thereby deflecting the secondary 
emission or amplified secondary emission from its normal 

30 path. 

6. The detector of claim 4, wherein a quenching 
electrode is provided for receiving the secondary emission 
after the deflection from its normal path so that the 

35 secondary emission is effectively removed from the 

sensitive region of the detector before the various dynodes 
and electron potentials are restored to the normal 
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operating values. 

1. A time of flight axxalysis device, including: 

means for producing a ion beam and for directing 
5 the ion beam in a first direction, 

a first orthogonal accelerator for directing some 
of the ions in the ion beam transverse to the first 
direction into a time of flight cavity; 

a second orthogonal accelerator; 
10 an ion mirror for reflecting ions in the beam 

which pass through the first orthogonal accelerator and the 
second orthogonal accelerator back in to the second 
orthogonal accelerator, so the second orthogonal 
accelerator can push the reflected ions transverse to the 
15 first direction into the time of flight cavity; and 

a detector for detecting the ions after the ions 
pass along the time of flight cavity* 

8. The device of claim 7, wherein the first and 
20 second orthogonal accelerators are separate from one 

another and accelerating and focussing means is provided 
between the first and second orthogonal accelerators. 

9. A time of flight analysis device, including: 
25 means for producing an ion beam; 

a time of flight cavity; 

orthogonal accelerator means for receiving the 

ion beam and for deflecting the ion beam sideways into the 

time of flight cavity; 
30 an ion mirror at one end of the time of flight 

cavity for receiving the deflected ion beam and reflecting 

the deflected ion beam; 

a detector for receiving the reflected ions; and 
a second ion mirror arranged transversed with 
35 respect to the first ion mirror for reflecting at least 

some of the reflected ions from the first mirror to the 

detector. 
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10. The device of claim 9, wherein the second ion 
xnirror extends from the said one end of the time of flight 
cavity to the detector which is arranged at a first end of 
the flight cavity adjacent the orthogonal accelerator. 

5 

11. A time of flight analysis device, including: 
means for producing an ionised sas^le from which 

a beam of ions is generated; 

an orthogonal accelerator for receiving the beam 
10 of ions and for deflecting the ion beam sideways; 

a detector for detecting the ion beam deflected 
sideways by the orthogonal accelerator; 

the orthogonal accelerator being longer in the 
direction of the ion beam thaoi the length of the detector 
15 such that low energy and low mass ions reflected sideways 

from the ion beam from one position along the length of the 
orthogonal accelerator can arrive at said detector and high 
energy and high mass ions produced at a different position 
along the length of the orthogonal accelerator and pushed 
20 sideways are also received by said detector. 

12. The device of claim 11, wherein the length of the 
orthogonal accelerator xaay be approximately 50 mm and the 
length of the detector approximately 30 mm. 

25 

13. The device of claim 11, wherein the length of the 
orthogonal accelerator is in the order of 1.5 to 3 times 
the length of the detector. 

30 14. The device of claim 11, wherein the length of the 

orthogonal accelerator is 2 to 3 times the length of the 
detector • 

15. A time of flight analysis device, including: 

35 means for producing an ionised sample from which 

a beam of ions is generated; 

an orthogonal accelerator for deflecting the ion 
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beam sideways, the orthogonal accelerator being configured 
smd powered so that ions of the same charge to mass ratio 
which are moved sideways from the beam of ions and commence 
sideways movement from different distances within the beam 
5 in the direction of sideway movement are time and spatially 
focused at a focus position, the spatial focussing being 
performed according to the following conditions for finite 
spatial spread 

« J!, 

10 j I 

So is coordinate of the ion beam 
W is the full width of the ion beam 
15 ; and 

a detector for detecting the beam which is 
deflected sideways by the orthogonal accelerator. 

16. The device of claim 15, wherein the detector is 
20 located at the focus position. 

17. The device of claim 15, wherein the orthogonal 
accelerator is preferaOiily a two or three plate accelerator. 

25 18. The device of claim 15, wherein for three plate 

and therefore three stage focussing the spatial focussing 
is performed according to the following conditions 

30 



35 



(5) 
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where 

A= sEfl + d£d eSe; Bs sEs 4- dEd; SE.; 

5 

indexes + mean that value of correspondent parameter A, 
B or C is considered at S=s0-^/2r respectively, 

D is distance to special focus from exit of orthogonal 
10 accelerator 

e is gap width of third gap of the 3 -step acceleration 
d is gap width of second gap of the three- step 
acceleration 

ES/ Ed and Ee are the field strengths of the first, second 
15 and third stages of the three stage acceleration 

respectively • 

17. A time of flight analysis device, including: 

xneati^ for producing an ionised sample from which 
20 a beam of ions is generated; 

an orthogonal accelerator for deflecting the ion 
beeua sideways; 

beam forming optics between the means for 
producing the ionised sample and the orthogonal accelerator 
25 for focussing the beam of ions so that at every focus plane 
the beam is focus sed such that one dimension of the beam is 
larger than another dimension of the beam; 

a detector for detecting the ion beam deflected 
sideways by the orthogonal accelerator; and 
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vertical focussing means between the orthogonal 
accelerator and the detector for focussing the beaia back to 
a size commensurate with the size of the detector. 

; 18 • The device of claim 11, wherein the beam forming 

optics focus the beams at every focus plane between the 
means for producing the ionised sample and the orthogonal 
accelerator, the beam has a dimension of about 30 mm by 3 
mm* 

) 

19. The device of claim 17, wherein the vertical 
focussing means is located at a position where ions of 
different masses are separated in time so that space charge 
effects are less severe when the beam crossover becomes 

5 smaller after vertical focussing. 

20. A time of flight analysis device, including: 
means for producing an ionised sample from which 

a beams of ions is generated; 
0 an orthogonal accelerator for deflecting the ion 

beam sideways for producing ion packets, the ions in each 
packet separating as the ions in each packet move sideways 
due to different mass charge ratios of the ions in each 
packet ; and 

25 vertical focusing means located at a position 

where the ions in the ion packet have separated in time, 
for vertically focusing the ions which have been separated 
so as to avoid excessive space charge effects. 

30 21. A time of flight analysis device, including: 

an interface chamber for receiving an ion beam; 
a main pinnp for evacuating the interface cheunber; 
an intermediate chamber for receiving the ion 
beam from the interface chamber; 
35 a first low pressure pump for evacuating the 

immediate vacu\2m chamber, the first pump being coupled to 
the main pump; 



y/O 98/40907 



42 - 



PCT/AU98/00164 



a main vacuum chamber for forming a time of 
flight cavity and for receiving ions for time of flight 
travel to a detector; 

a second low pressure p\mp for evacuating the 

5 main vacuum chamber; 

an additional chamber between the intermediate 
chamber and the main vacuum chamber; 

a third low pressure pump for evacuating the 
additional chamber, the third low pressure pun^ being 
10 coupled to the main pump; and 

the second low pressure pump being coupled to the 
third low pressure pump. 



15 



22. The device of claim 21, wherein a petition wall 

is arranged between the main vacuum chamber and the 
additional vacuum chamber. 
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